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© Compact imaging apparatus for electronic endoscope with improved optical characteristics. 



© An imaging apparatus for an electronic endo- 
scope capable of realizing a compact size and im- 
proved optical characteristics simultaneously. In the 
apparatus, the imaging element (2) is mounted on 
the rigid circuit substrate (1) such that the substrate 
connection pads (10) of the rigid circuit substrate (1) 
and the element connection pads (1 1 ) of the imaging 



element are electrically connected by a mutual com- 
pression bonding between the rigid circuit substrate 
(1) and the imaging element, by a face-down bond- 
ing such that the imaging surface (3) of the imaging 
element (2) is facing toward the window (4) of the 
rigid circuit substrate (1). 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an imaging 
apparatus to be mounted on a scope end section 
of an electronic endoscope. 

Description of the Background Art 

Conventionally, an imaging apparatus for an 
electronic endoscope has a configuration shown in 
Fig. 1. In this conventional imaging apparatus of 
Fig. 1, a CCD (charge coupled device) 102 is fixed 
on one side of a chip carrier 101 made from a 
ceramic substrate, where pads 103 provided on the 
CCD 102 and pads 104 provided on the chip 
carrier 101 are connected by bonding wires 105. 
Then, a cover glass 106 containing an optical filter 
is attached on an imaging surface of the CCD 102 
by means of an adhesive resin 111 placed there- 
between, while the other side of the chip carrier 
101 is attached to a flexible print substrate 107 
such that they are electrically connected. In addi- 
tion, the above described structure formed by the 
chip carrier 101, the CCD 102, the bonding wires 
105, the cover glass 106. and the flexible print 
substrate 107 are covered by a mold resin 108, 
while the bonding wires 105 are protected by me- 
tallic frames 109 attached on the mold resin 108 
over the locations of the bonding wires 105. More- 
over, on a part of the flexible print substrate 107 
not covered by the mold resin 108, chip compo- 
nents 110 are provided. With this configuration, the 
imaging apparatus is mounted on a scope end 
section of an electronic endoscope. 

However, such a conventional imaging appara- 
tus for an electronic endoscope has been asso- 
ciated with the following problems. 

First, a conventional imaging apparatus with a 
configuration shown in Fig. 1 involves a number of 
piled up layers such as those for a height of the 
bonding wires 105, a distance between the bonding 
wires 105 and the metallic frames 109, a thickness 
of the chip carrier 101, a thickness of the metallic 
frames 109, a thickness of the flexible print sub- 
strate 107, and a thickness of the mold resin 108, 
so that a further thinning of a thickness of such an 
imaging apparatus has been practically impossible, 
and this in turn obstructed the further thinning of 
the scope end section of the electronic endoscope. 

Secondly, the cover glass 106 is attached on 
the imaging surface of the CCD 102 by means of 
the adhesive resin 111 placed therebetween, such 
that micro-lenses (not shown) provided on the im- 
aging surface of the CCD 102 are buried inside the 
adhesive resin 111. Here, because the index of 
refraction of the adhesive resin 1 1 1 is very close to 
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that of the micro-lenses so that the light beam will 
hardly be refracted at a boundary between the 
adhesive resin 1 1 1 and the micro-lenses. As a 
consequence, an effect of improving a sensitivity of 

5 the CCD 102 due to the presence of the micro- 
lenses cannot be obtained. 

Thirdly, the cover glass 106 cannot be made 
larger because of the possible interference be- 
tween the cover glass 1 06 and the pads 1 03 of the 

10 CCD 102. As a result, it has been impossible to 
keep the reflections by the side surfaces of the 
cover glass 106 out of the imaging surface of the 
CCD 102. 

Finally, in the imaging apparatus for an elec- 
ts tronic endoscope, it is necessary to arrange the 
imaging surface of the CCD 102 to be perpendicu- 
lar with respect to a light beam axis of an incident 
light beam. However, in the conventional imaging 
apparatus for an electronic endoscope, the cover 
20 glass 1 06 is attached on the imaging surface of the 
CCD 102 by means of the adhesive resin 111 
placed therebetween as already mentioned above, 
so that it is difficult for the imaging surface of the 
CCD 102 to be arranged accurately in a desired 
25 direction because it is difficult to accurately control 
the thickness of the adhesive resin 111 during its 
hardening process. 

SUMMARY OF THE INVENTION 

30 

It is therefore an object of the present invention 
to provide an imaging apparatus for an electronic 
endoscope capable of realizing a compact size and 
improved optical characteristics. 

35 According to one aspect of the present inven- 

tion there is provided an imaging apparatus for an 
electronic endoscope, comprising: a rigid circuit 
substrate having substrate connection pads; an im- 
aging element having element connection pads, 

40 which is attached on the rigid circuit substrate such 
that the substrate connection pads of the rigid 
circuit substrate and the element connection pads 
of the imaging element are electrically connected 
by a mutual compression bonding between the 

45 rigid circuit substrate and the imaging element. 

According to another aspect of the present 
invention there is provided an imaging apparatus 
for an electronic endoscope, comprising: a rigid 
circuit substrate having a window through which a 

so light beam is entered; and an imaging element 
having an imaging surface, which is mounted on 
the rigid circuit substrate by a face-down bonding 
such that the imaging surface of the imaging ele- 
ment is facing toward the window of the rigid circuit 

55 substrate. 

Other features and advantages of the present 
invention will become apparent from the following 
description taken in conjunction with the accom- 
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panying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross sectional view of a conven- 
tional imaging apparatus for an electronic endo- 
scope. 

Figs. 2(A) and 2(B) are a plan view and a cross 
sectional view of a first embodiment of an imaging 
apparatus for an electronic endoscope according to 
the present invention. 

Figs. 3(A) and 3(B) are a plan view and a cross 
sectional view of a second embodiment of an imag- 
ing apparatus for an electronic endoscope accord- 
ing to the present invention. 

Fig. 4 is a cross sectional view of a third 
embodiment of an imaging apparatus for an elec- 
tronic endoscope according to the present inven- 
tion. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to Figs. 2(A) and 2(B). a first 
embodiment of an imaging apparatus for an elec- 
tronic endoscope according to the present inven- 
tion will be described in detail. 

This first embodiment is a case in which an 
imaging surface 3 of an imaging element such as a 
CCD (charge coupled device) 2 is provided in 
parallel to a scope axis direction X for a scope end 
section. 

In this first embodiment, the imaging apparatus 
is formed by a ceramic substrate 1 having a central 
plate portion with a window 4 and side bank por- 
tions projecting upwards, where the CCD 2 is 
mounted on an upper side of the central plate 
portion of the ceramic substrate 1 by a face-down 
bonding such that the imaging surface 3 of the 
CCD 2 is facing toward the window 4 of the central 
plate portion of the ceramic substrate 1 . 

In the window 4 of the central plate portion of 
the ceramic substrate 1, there is provided a cover 
glass 6 such that a light beam entering from an 
object optical system 5 in a scope diameter direc- 
tion Y toward the window 4 passes through this 
cover glass 6 so as to be transmitted to the imag- 
ing surface 3 of the CCD 2. 

The CCD 2 is supported on the ceramic sub- 
strate 1 by means of a mold resin 7 inserted 
therebetween except for the location of the imaging 
surface 3 f such that an air layer is formed between 
the cover glass 6 and the imaging surface 3 of the 
CCD 2. 

Moreover, the ceramic substrate 1 has a mul- 
tiple layers of wirings embedded and the embed- 
ded wirings are lead to electrodes 9 formed on the 
side bank portions of the ceramic substrate 1 . such 
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that the wirings in the ceramic substrate 1 can be 
electrically connected with a flexible print substrate 
8 attached on the side bank portions of the ceramic 
substrate 1 through the electrodes 9. This flexible 

s print substrate 8 also has a number of chip compo- 
nents 12 attached besides the ceramic substrate 1. 

Furthermore, the central plate portion of the 
ceramic substrate 1 has pads 10 connected with 
the wirings inside the ceramic substrate 1 on the 

10 upper side of the central plate portion, while the 
CCD 2 has pads 11 in a vicinity of the imaging 
surface 3 such that when the CCD 2 is mounted on 
the central plate portion of the ceramic substrate 1 
by the face-down bonding, the pads 10 of the 

75 ceramic substrate 1 and the pads 1 1 of the CCD 2 
are electrically connected by a mutual compression 
bonding. Here, the pads 10 of the ceramic sub- 
strate 1 and the pads 11 of the CCD 2 may be 
formed . with metallic or solder bumps provided 

20 such that the mutual compression bonding between 
the pads 10 of the ceramic substrate 1 and the 
pads 11 of the CCD 2 can be realized by a 
thermocompression bonding of the bumps. 

Thus, according to this first embodiment, the 

25 electrical connection between the pads 10 of the 
ceramic substrate 1 and the pads 1 1 of the CCD 2 
is obtained by mounting the CCD 2 on the central 
plate portion of the ceramic substrate 1 by the 
face-down bonding, so that no bonding wire for 

30 providing this electrical connection is necessary. 

Consequently, this imaging apparatus of the 
first embodiment can be made thinner by a height 
of the bonding wires compared with a conventional 
imaging apparatus involving the bonding wires, 

35 which in turn contributes to the improvement of the 
maneuverability of the electronic endoscope in 
which the imaging apparatus of this first embodi- 
ment is used. 

Moreover, in this first embodiment, there is no 

40 need to provide a covering of the bonding wires by 
the mold resin as well as a protection of the 
bonding wires by metallic frames, unlike a conven- 
tional imaging apparatus involving the bonding 
wires for which both of these are required. As a 

45 consequence, a configuration of the imaging ap- 
paratus can be made simpler than that of a con- 
ventional imaging apparatus as a number of com- 
ponents involved can be reduced. 

Furthermore, because of the absence of the 

so bonding wires, the cover glass 6 can be made 
sufficiently larger than the imaging surface 3 of the 
CCD 2, such that the reflections by the side sur- 
faces of the cover glass 6 can be kept out of the 
imaging surface 3 of the CCD 2. 

55 Also, the S/N ratio can be improved in this 

imaging apparatus as a result of the micro-lense 
effect obtained by the difference between the index 
of refraction of micro-lenses (not shown) provided 
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on the imaging surface 3 of the CCD 2 and that of 
the air layer provided between the cover glass 6 
and the imaging surface 3 of the CCD 2. 

In addition, the application of the ultrasonic 
waves conventionally used in making the wire 
bonding of the pads becomes unnecessary, such 
that the wirings inside the ceramic substrate 1 can 
be designed freely without considering the effect 
due to the application of the ultrasonic waves. 

Also, because of the use of the face-down 
bonding between the CCD 2 and the ceramic sub- 
strate 1 in which the imaging surface 3 of the CCD 
2 can be arranged highly accurately, there is no 
adhesive layer involved between the CCD 2 and 
the ceramic substrate 1 , such that the accuracy for 
arranging the imaging surface 3 of the CCD 2 to be 
perpendicular with respect to an incident light 
beam axis of the object optical system 5 can be 
improved, and therefore the optical characteristics 
of the imaging apparatus can be improved. 

Referring now to Figs. 3(A) and 3(B), a second 
embodiment of an imaging apparatus for an elec- 
tronic endoscope according to the present inven- 
tion will be described in detail. Here, those ele- 
ments which are equivalent to corresponding ele- 
ments in the first embodiment described above are 
given the same reference numerals in the figures. 

This second embodiment is also a case in 
which an imaging surface 3 of a CCD 2 is provided 
in parallel to a scope axis direction X for a scope 
end section. 

In this second embodiment, the imaging ap- 
paratus is formed by a ceramic substrate 1 having 
a central plate portion with a window 4, where the 
CCD 2 is mounted on an upper side of the central 
plate portion of the ceramic substrate 1 by a face- 
down bonding such that the imaging surface 3 of 
the CCD 2 is facing toward the window 4 of the 
central plate portion of the ceramic substrate 1 . 

In the window 4 of the central plate portion of 
the ceramic substrate 1, there is provided a cover 
glass 6 such that a light beam entering from an 
object optical system 5 in a scope diameter direc- 
tion Y toward the window 4 passes through this 
cover glass 6 so as to be transmitted to the imag- 
ing surface 3 of the CCD 2. 

The CCD 2 is supported on the ceramic sub- 
strate 1 by means of a mold resin 7 inserted 
therebetween except for the location of the imaging 
surface 3, such that an air layer is formed between 
the cover glass 6 and the imaging surface 3 of the 
CCD 2. 

Moreover, the ceramic substrate 1 has a mul- 
tiple layers of wirings embedded and the embed- 
ded wirings are lead to a junction board 13 at- 
tached on a side face of the ceramic substrate 1, 
where the junction board 13 is pierced into a print 
substrate 14 such that the wirings in the ceramic 
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substrate 1 can be electrically connected with the 
print substrate 14 having a number of chip compo- 
nents 12 attached besides the ceramic substrate 1. 
In addition, a flexible print substrate 8 which 

5 also has a number of chip components 1 2 attached 
is provided over the upper side of the CCD 2 and 
the side face of the ceramic substrate 1 . 

Furthermore, the central plate portion of the 
ceramic substrate 1 has pads 10 connected with 

10 the wirings inside the ceramic substrate 1 on the 
upper side of the central plate portion, while the 
CCD 2 has pads 11 in a vicinity of the imaging 
surface 3 such that when the CCD 2 is mounted on 
the central plate portion of the ceramic substrate 1 

75 by the face-down bonding, the pads 10 of the 
ceramic substrate 1 and the pads 1 1 of the CCD 2 
are electrically connected by a mutual compression 
bonding. 

Thus, according to this second embodiment, 

20 the imaging apparatus can be further shortened in 
the scope axis direction X compared with the first 
embodiment described above, while maintaining 
the other advantages similar to those described 
above for the first embodiment. 

25 Referring now to Fig. 4, a third embodiment of 

an imaging apparatus for an electronic endoscope 
according to the present invention will be described 
in detail. Here, those elements which are equivalent 
to corresponding elements in the first embodiment 

30 described above are given the same reference 
numerals in the figures. 

This third embodiment is a case in which an 
imaging surface 3 of a CCD 2 is provided along a 
scope diameter direction Y perpendicular to a 

35 scope axis direction X for a scope end section. 

In this third embodiment, the imaging appara- 
tus is formed by a ceramic substrate 1 having a 
central plate portion with a window 4, where the 
CCD 2 is mounted on an upper side of the central 

40 plate portion of the ceramic substrate 1 by a face- 
down bonding such that the imaging surface 3 of 
the CCD 2 is facing toward the window 4 of the 
central plate portion of the ceramic substrate 1 . 
In the window 4 of the central plate portion of 

45 the ceramic substrate 1, there is provided a cover 
glass 6 such that a light beam entering from an 
object optical system 5 in the scope axis direction 
X toward the window 4 passes through this cover 
glass 6 so as to be transmitted to the imaging 

so surface 3 of the CCD 2. 

The CCD 2 is supported on the ceramic sub- 
strate 1 by means of a mold resin 7 inserted 
therebetween except for the location of the imaging 
surface 3, such that an air layer is formed between 

55 the cover glass 6 and the imaging surface 3 of the 
CCD 2. 

Moreover, the ceramic substrate 1 has a mul- 
tiple layers of wirings embedded and the embed- 
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ded wirings are lead to a side face of the ceramic 
substrate 1 f such that the wirings in the ceramic 
substrate 1 can be electrically connected with a 
flexible print substrate 8 attached on the side face 
of the ceramic substrate 1. This flexible print sub- 
strate 8 also has a number of chip components 1 2 
attached besides the ceramic substrate t . 

Furthermore, the central plate portion of the 
ceramic substrate 1 has pads 10 connected with 
the wirings inside the ceramic substrate t on the 
upper side of the central plate portion, while the 
CCD 2 has pads 11 in a vicinity of the imaging 
surface 3 such that when the CCD 2 is mounted on 
the central plate portion of the ceramic substrate 1 
by the face-down bonding, the pads 10 of the 
ceramic substrate 1 and the pads 11 of the CCD 2 
are electrically connected by a mutual compression 
bonding. 

Thus, according to this third embodiment, in 
addition to the other advantages similar to those 
described above for the first embodiment, the im- 
aging apparatus can be further shortened in the 
scope axis direction X compared with the first 
embodiment described above, so that it becomes 
possible to shorten a hard portion in a scope end 
section of an electronic endoscope in which the 
imaging apparatus of this third embodiment is 
used, which in turn contributes to the improved 
maneuverability of the electronic endoscope. 

It is to be noted that, besides those already 
mentioned above, many modifications and vari- 
ations of the above embodiments may be made 
without departing from the novel and advantageous 
features of the present invention. Accordingly, all 
such modifications and variations are intended to 
be included within the scope of the appended 
claims. 

Claims 

1. An imaging apparatus for an electronic en- 
doscope, comprising: 

a rigid circuit substrate having substrate 
connection pads; 

an imaging element having element con- 
nection pads, which is attached on the rigid 
circuit substrate such that the substrate con- 
nection pads of the rigid circuit substrate and 
the element connection pads of the imaging 
element are electrically connected by a mutual 
compression bonding between the rigid circuit 
substrate and the imaging element. 

2. The imaging apparatus of claim 1 , wherein the 
rigid circuit substrate has a window through 
which a light beam is entered, and the imaging 
element has an imaging surface facing toward 
the window of the rigid circuit substrate. 
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3. The imaging apparatus of claim 2, further com- 
prising a cover glass provided in the window of 
the rigid circuit substrate, where the cover 
glass is separated from the imaging surface of 

5 the imaging element by an air layer. 

4. The imaging apparatus of claim 3, wherein the 
cover glass has a size sufficiently larger than 
that of the imaging surface of the imaging 

io element such that end surface reflections of 

the light beam entering through the window of 
the rigid circuit substrate due to the cover 
glass can be kept out of the imaging surface of 
the imaging element. 

75 

5- The imaging apparatus of claim 1, wherein the 
rigid circuit substrate has connection wirings 
embedded within the rigid circuit substrate, 
where the connection wirings are connected 
20 with the substrate connection pads. 

6. The imaging apparatus of claim 1 , wherein the 
rigid circuit substrate is made of a ceramic 
substrate. 

25 

7. An imaging apparatus for an electronic en- 
doscope, comprising: 

a rigid circuit substrate having a window 
through which a light beam is entered; and 

30 an imaging element having an imaging 

surface, which is mounted on the rigid circuit 
substrate by a face-down bonding such that 
the imaging surface of the imaging element is 
facing toward the window of the rigid circuit 

35 substrate. 

8. The imaging apparatus of claim 7, wherein the 
rigid circuit substrate has substrate connection 
pads on one side facing toward a given direc- 

40 tion, and the imaging element has element 

connection pads one one side facing toward 
another side opposite of the given direction, 
such that the substrate connection pads of the 
rigid circuit substrate and the element connec- 

45 tion pads of the imaging element are elec- 

trically connected by a mutual compression 
bonding between the rigid circuit substrate and 
the imaging element. 

50 9- The imaging apparatus of claim 8, further com- 
prising a cover glass provided in the window of 
the rigid circuit substrate, where the cover 
glass is separated from the imaging surface of 
the imaging element by an air layer. 

55 

10. The imaging apparatus of claim 9, wherein the 
cover glass has a size sufficiently larger than 
that of the imaging surface of the imaging 

5 
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element such that end surface reflections of 
the light beam entering through the window of 
the rigid circuit substrate due to the cover 
glass can be kept out of the imaging surface of 
the imaging element. 



5 



11. The imaging apparatus of claim 7, wherein the 
rigid circuit substrate has connection wirings 
embedded within the rigid circuit substrate, 
where the connection wirings are connected io 
with the substrate connection pads. 

12. The imaging apparatus of claim 7, wherein the 
rigid circuit substrate is made of a ceramic 
substrate. *s 
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© Compact imaging apparatus for electronic endoscope with improved optical characteristics. 



© An imaging apparatus for an electronic endo- 
scope capable of realizing a compact size and im- 
proved optical characteristics simultaneously. In the 
apparatus, the imaging element (2) is mounted on 
the rigid circuit substrate (1) by means of a mold 
resin (7) such that the substrate connection pads 
(10) of the rigid circuit substrate (1) and the element 



connection pads (11) of the imaging element (2) are 
electrically connected by a mutual compression 
bonding between the rigid circuit substrate (1) and 
the imaging element, by a face-down bonding such 
that the imaging surface (3) of the imaging element 
(2) is facing toward the coverglass (6) and the win- 
dow (4) of the rigid circuit substrate (1). 
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